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ccL|, yLoag pulp pifocucriQW yfflHfi f substantially 
frftNTtty* ntA^TBk DtQEflTEK 

RAr.^ RW n AND SUMMARY OF THE INVENTION 

In the art of chemical pulping of comminuted cellulose fibrous 

5 material, for example wood chips, the material is typteally treated with 
cooking chemical* under pressure and temperature in one or more 
cylindrical vessels, known as digesters. This treatment can be performed 
continuously or in a batch mode. In the continuous mode, chips are 
continuously fed into one end of a continuous digester, treated, and 

10 continuously discharged from the other end. In the batch method, one or 
more batch digesters are fitted with chips and cooking chemical, capped 
and then treatment commences. Once the treatment is finished the 
contents of the batch digester are discharged. In either batch or 
continuous digesters, a slurry of comminuted oellulosic fibrous material 

1 S and cooWng chemical moves through a cylindrical vessel 

En both continuous and batch digester*, in order to uniformly 
distribute both temperature and cooking chemical, cooking liquor is 
typically circulated through the slurry of chips and liquor, typically referred 
to as "the chip column". This circulation is typically effected by some form 

20 of screen, located along the internal surface of the cylindrical vessel, a 
pump, a heater, and a return eonduit The screen retains the material 
within the digester as the liquor is removed, augmented with other liquors 
and/or a portion thereof removed, pressurized, heated, and then returned 
to the slurry in the vicinity of the screen or elsewhere. 
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This radial removal of liquor typically produces radial compression 
of the chip column in the vicinity of the screen assembly. In addition, the 
weight of the column of chips above the chips near the screen introduces 
another source of compression of the chips. Furthermore, the vertical 
movement of free liquor in the chip column, either upward or downward, 
can vary the compression load, or compaction, of the chip column. It is 
known in the art that this radial and vertical compression can interfere 
with the uniform movement of the chip column, which is eo essential for 
the uniform treatment of the chips- Forthis reason, conventional 
digesters and screen assemblies are designed so that the diameter of the 
flow path increases just below the screen. This increase in diameter or 
•step cuf relieves the compression in the Chip column and permits more 
uniform movement of the column. This step out typically consists of a 
radial increase of about 6 inches to 2 fe et. 
1 5 However, this increase In diameter of the vessel, requires that the 

diameter of the vessel shell include a step increase in diameter end also, 
typically, a conical transition in the shell to transition from the smaller 
diameter to the larger diameter. Both the non-unrform shell diameter and 
the additional welding necessary to accommodate the conical transition, 
20 among other things, can dramatically impact the cost of manufacturing a 
digester vessel. It would be highly advantageous to reduce the cost of 
manufacturing the shall of a digester by making such step increases in 
the digester shell unnecessary. 

In addition, sinoe the cylindrical column of chips typically does not 
25 conform to the increased diameter of the vassal, these step outs can 
provide an undesirable flow path for cooking liquor around the chip 
column, or can permit the chip column to collapse into the void created. 
This channeling of liquor can promote non-uniform treatment by eausing 
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non-uniform heating and nonuniform liquor distribution. The collapse or 
channeling of chips can also result In non-uniform treatment Non- 
uniform treatment can be manifested in undercooking of chips (i.e., 
increased rejects), increased cooking chemical consumption, and 
5 reduced fiber strength, among tfher things. It thus also would be 
desirable to provide a method and apparatus tor cooking comminuted 
oellulcsic fibrous material so that channeling is minimized and uniform 
treatment of the chips enhanced. 

In U.S. patent 4.958,741 a novel vessel geometry is disclosed for 
10 handling particulate material, for example, grain. U.S. patents 5,500,083; 
5.617,973; and 5,628,873 disclose very effective methods and devices for 
eppiylng the genera! techniques disclosed in the 4,958,741 patent to the 
handling end treatment of comminuted cellulosic fibrous material in the 
pulping industfy. Specifically, patents 5,500,083, 5,817,975, end 
1 5 5,625,873 disclose methods and systems far u niformly treating and 

discharging material from vessels without the aid of mechanical agitation. 
Typically, the dledosed vessel* for handling comminuted oellulosic fibrous 
material, known, for example, as chip bins, have outlets that are smaller 
in cross sectional area than the main body of the vessels and use 
20 transitions having geometries exhibiting one-dimensional convergence 
and side relief. This technology is marketed under the name 
Diamondback® by Ahlstrom Machinery Inc. of Glens Falls, NY. 

As described in the 4,958,741 patent and elsewhere, the flow of 
particulate material through a vessel can be characterized as "mass flow* 
25 or " funnel flov/'. During mass flow, when any material is withdrawn from 
the vessel essentially all the material in the ves$el moves. For funnefc 
flow, when material is withdrawn, a portion of the material (generally in 
the center of the vessel) moves substantially tester than the material at 
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the periphery. In the most severe cases , this flow pattern is referred to 
as 'channeling* or "rat-holrng\ For right conicaJ transitions or outlets, 
mass flow is ensured when the angle of convergence of the transisotn 
does not exceed a certain angle which is material dependent, known as 
5 the material's 'critical mass- ftov angle". Conical convergences having 
larger angles, that is, flatter cones, tend to produce non-uniform funnel 
flow. The critical mass-flow angle istypfcally determined experimentally 
using samples of the material that is to be passed through the vessel. 
Of course, in the treatment of comminuted celluloeic fibrous 
10 material, mass flow is preferred. It is possible to prevent channeling and 
rat-holing by designing vessels with convergence angles less than or 
equal to the critical mass-flow angle far the material being transported. 
For wood chips in a chip bin 1 this angle is relatively shallow, for example, 
less than 30 dagiees. Building a chip bin for a desired retention time but 
1 5 having such a shallow convergence to a desired outlet diameter Tequires 
that the bin be uneoonomically tall. However, for the relatively small 
reductions in cross section requited for a digester screen assembly, these 
shallow critical convergence angles cin be used to simplify the 
construction and reduce the cost of digester vessels, without interfering 
20 with the stabte function of the digester. In one embodEitfent of this 

invention, right conical transitions having angles of convergence lees than 
the critical mass-flow angle are introduced to pulp digesters to aid in 
accommodating the use of screen assemblies m the digested. 

U.S. patent 4,958741 introduces a geometry known as "one- 
25 dimensional convergence and side relief which permits "mass flow* within 
vessels while exceeding the critical mass flow angle. By employing one- 
dimensional convergence geometry, reductions in vessel diameter can be 
achieved, while maintaining mass flow, that would require much tonger 
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tnwwttlon* to achieve using a light conical transition. Typically, to avoid 
such undesirable transitions lengths, conical transitions are designed with 
angles greater than the criifical mass flow angle but are agitated to 
prevent or minimize bridging or hang-up. In another embodiment of this 
5 invention, tranations exhibiting aingle-convenjence and aide relief are 
employed In pulping digesters to aid in accommodating the use of sewn 
assemblies in the digesters. 

Conical converging transitions are not unknown in the art of 
continuous cooking. With the advent of counter-current treatment in the 
10 late 1950s and early IflflOs. conical converging transitions were often 
used to accommodate screen assemblies introduced to the bottom 
section of existing continuous digesters. One example of such a 
transition is shown in U.S. patent 3,429.773 which was filed in 1B65. 

Prior to.the introduction of treatments in the bottom of the digester. 
1 5 such as the use of cooling dilution to reduce the temperature of the pulp 
during discharge, that is, "cold Wowing-, or counter-current treatment, for 
example, counter-current Hi-deaF* washing (see U.S. patents 3,007,839; 
3,097.987; 3,200,032: and 3,298.899). continuous digesters did not have 
screen assemblies in their lower sections. See for example U.S. patents 
20 2,474,862; 2.459, 1 80; 2.936.824 and 3.041 ,232. Tycically, after cc- 
current treatment throughout the length of the digester, the completely 
cooked pulp was typically discharged, or -blown", from the bottom of 
these early digesters while still hot. that is "hot blowing". In order to 
introduce and distribute cool liquor or to effect counter-current treatment, 
25 some form of liquor distributing circulation with a screen assembly was 
introduced to the lower part of existing digesters. Furthermore, in order to 
minimize the cost of such a "retro-fit' , these screen assemblies weTe 
introduced to the bottom sections of existing digesters with conical 
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converging traditions, as shown U.S. 3.429.773. These conical 
convergence* were solely introduced as a modification to existing 
structures. When such lower screens were and are used in newer 
digesters, in order to maintain the Integrity and uniform movement of the 
5 chip coiumn. some form of shell tar«ifion is used such that the internal 
surface of the screen is essentially flush with the internal diameter of the 
shelt. 

The conventional teaching tn the art Is that such conical 
convergences in any part of the digester, such as shown in U.S. 

1 o 3,429.773, promote non-uniform movement or "hang-up" of the chip 
column and non-unlform treatment, and are to be avoided Column 
movement was essentially ensured for screen assemblies located in the 
bottom of the digester, such as that shown In U.S. 3,429.773, by the 
presence of the rotating, discharge-aiding agitator, known as the 

1 5 "scraper", directly beneath the conical convergence. Any "bridging" that 
might develop due to the conical convergence above the screen was 
disrupted by the action of the scraper. This is also true of the conical 
convergence "collar* shown in U.S. patent 3,802,856. The present 
invention overcomes this misconception associated with convergences 

20 wilhrn the digesterand provides a digester which Is leas expensive to 

manufacture. This invention also provides a means for introducing screen 
assemblies to enisling vessels without requiring that the diameter of the 
vessel be enlarged at the location where Ihe screen is introduced. This is 
especially true in locations where agitators are not present to aid in the 

25 movement of the chip column, tor example, in cooking zones remote from 
the discharge of a digester. 

Often, digester vessel schematics are drawn with uniform vessel 
diameters with representative acreen assembly locations. For example. 
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see U.S. patents 3,413,169; 3>44S,328; and 3.427,218, or more recent 
U,S, patents 5,547,012; 5,488,363; 5,575 f B90; and 5,635,026. Clearly, 
these illustrations are schematic representations only end there is no 
intent to imply that actual vessels are built or can be built in this fashion, 
5 and would be understood as such by those of ordinary skill in the art. 
Those in the art understand thet under present practice some form of chip 
column relief must be provided, otherwise the digester will not operate as 
desired. 

Also, the prior art includes illustrations of digesters with uniform 

1 0 vessel diameters with screen assemblies having external cavities into 
wuhich liquor is drawn. See for example U.S. patents 2,695,232 and 
3,200,032, These illustrations depict digesters that do not provide the 
chip column relief that is so essential for proper chip column movement. 
Also, such constructions, as Shawn in U.S. 2,695,232, and 3,200,032 do 

1 5 not lend themselves to ease of design and manufacture since the external 
cavities are pressurized and their design must comply with pressure 
vessel design and manufacturing codes. 

One embodiment of this invention takes advantage of the critical 
angle of convergence required for mass flow of a slurry of chips and 

20 cooking liquor to provide a digester having a uniform shell diameter while 
still providing the colum n relief that prom otes the uniform movement of 
chips. According to one aspect of the present invention a digester (of 
other] vessel for cooking or treating comminuted celluiosio fibrous 
material in a liquid slurry te.g, to produce cellulose pulpj, the material 

25 having a critical angle of convergence, is provided- The vessel 

comprises; A substantially vertical vessel shell having a substantially 
constant first internal diameter. A first screen assembly mounted at an 
agitetor-trea location in said vessel and for removing liquid from the sluny. 
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and including a second in ternal diameter smaller than the first internal 
diameter, and defining a screen cavity internal of Hie shell. AW 
tran sition above the firstscreen assemb ly between the first and second 
diam^tersTthe first transition havirj^anojeofcom^enoe with respect 
5 to vertical. And, wherein the fM transition angle of convergence is less 
than the critical angle of convergence of the liquid slurry ceHulcsic fibrous 
material, so that the slurry flows through the transition without bridging or 
hang-up, and without need for an agitator. 

the vessel further comprises an increase in diameter to 
10 substantially the firat Internal diameter below the first screen assembly, 
the increase In diameter preferably being substantially immediately below 
the screen assembly and comprising « step increase. 

The vessel also preferably further comprises a seccjidscregju 
assembly having a third diameter and disposed below the first screen 
15 a^blyT^nil a secor^dtransrton between the first diameter and the third 
diameter, the second transition having an angle of convergence less than 
the critical angle of convergence of the liquid slurry cellulosic fibrous 
material, so that the slurry flows through the transition without bridging or 
hang-up. The step increase in diameter is preferably provided to 
20 substantially the first Internal diameter Immediately below the second 
screen assembly. 

As is conventional when the vessel is a digester (e.g. a continuous 
digester), the digester vessel also Includes means for heating the liquid 
withdrawn from the first screen assembly and introducing the heated 
25 liquid adjacent the first screen assembly. 

The first transition may Include various geometries which permit 
the construction and use of vessels of uniform shell diameter. One 
preferred geometry comprises a aubstantiaMv righ tcontcal tensi on. 
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although other transiBon geometries (including those euch at described in 

the patantemertlorted abovd) ftiay be provided. The first transition ang le 

of convergence is less than 40', andpre«era^j8M«!Siig^ ^perhaps 

ewm1e^thaTnOT*pe^^ T^pJeaUythe 

5 first transition angle Is between about 1 0-25°, preferably between 1 0-20'. 

All of the transitions provided preferably are conical and with angles of 

convergence of lesi than 40". 

The conical transiBon may ateo provide a screening surface. That 

- - — 

is, the conical section may not be smooth and continuous but rt nrayawo 

1 0 be perforated. For eKample, in orcier to aid in the removal of fiquid from 
the chip column, the conical convergence may comprise a perforated 
screen plate or parallel-bar-tyf>* screens, or the lite. In addition, the 
conical screening surface may comprise the only screening surface in the 
screen assembly. That is. no cylindrical screen surface may be present 

1 5 below the cyllnd rtcal screen surface and the step increase to the first 
internal diameter may be located directly beneath the conical screening 
surface. 

The increase in diameter below the screen assembly to the first 
internal diameter may also compris* a contest transiti on, in this case, a 

20 conical diverging transition This diverging transition can minimize the 
formation of void spaces between the compressed chip column and the 
internal surface of the vessel and minimize column collapse and liquor 
channeling. This oonieal divergent transition may also be perforated. 
The removal of liquor via this lower conical screen transition can aid in 

25 drawing the compressed chip column out to the first Internal diameter of 
the vessel 

The conical or cylindrical B creeiainqs urfaces may b e r pontimjou s in 
the circumferential direction or they may be interrupted by non-perforated 
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blank plates. For example, if the scueen assembly comprises wo or more 
levels of screens, the screen surface and the Wank plates may alternate 
such that the screen surfaces at one level may align with the blank plates 
of another (e.g. adjacent) level This pattern is typically referred to as a 
5 "checker boaixT screen arrangement. Of course, a single row of screens 
may also include blank plates. The blank plates ere typically uniformly 
distributed. 

Also blank plates may also be located between one horizontal level 
of screens and anotheT or between one horizontal ievel of screens and a 

10 transition. These Wank plates are known as "relief plates". For example, 
in screen assembly comprising a first oonical converging transition, a right 
cylindrical screen section, end a second conical divergent screen section 
below the right cylindrical screen section, a horizontal blank relief plate 
may be located between the right cylindrical screen surface and the 

15 second oonical divergent screan surfeoe. This horizontal "relier permits 
the contpressed screen surface to "relax" or "recover from being 
compressed by the liquor removal above before being drawn out by the 
liquor removal from the subsequent screen. 

The first transition may also comprise or consist of a geometry 

20 known as "one dimensional -con vergence geometry and side re fer. As is 
clear from the descriptions provided in U.S, patent 6,500,003 and other 
patents. One dimensional convergence and side relief describes a 
configuration composed of two symmetrically oriented end surfaces that 
converge downward toward each other onlyj^ Thus at 

25 any given cross-section, the surfaces will be reflections of each other 
around a horizontal center liner perpendicular to the singular direction of 
convergence. In its simplest form, the cross-section could be described 
by two parallel straight lines symnwtricalJy oriented about a horizontal 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1 1 « A vessel for treating comminuted ceUulosic fibrous material in a 

2 liquid slurry, the material having a critical angle of convergence; said 

3 vessel comprising: 

4 a substantially vertical vessel shall having a first internal diameter; 

5 a fleet screen assembly mounted at an agrtator-free location in said 

6 vessel and for removing liquid from the slurry, and Including a seoond 

7 internal diameter smaller than said first internal diameter, and defining a 

8 screen cavity internal of said shell; 

9 a first transition above said first screen assembly between said first 

10 and seoond diameters, said first transition halving an angle of 

1 1 convergence with respect to vertical; and 

1 2 wherein said first transition angle of convergence is less than the 

1 3 critical angle of convergence of the liquid slurry cellukosic fibrous material, 

14 so that the slurry flow through the transition without bridging or hang-up, 

1 5 and without need for an agitator. 

1 2. A vessel as recited in claim 1 further comprising an increase in 

2 diameter to substantially said first Internal diameter below said first screen 

3 assembly. 

1 3. A vessel as recited in claim 2 wherein said increase in diameter 

2 « substantially immediately below said screen assembly. 

1 4. A vessel as recited in claim 3 wherein said Increase in diameter 

2 comprises a step increase. 
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1 5. A vessel as recited rn claim 3 further comprising; a second 

2 screen assembly having a third diameter arid disposed below said first 

3 screen assembly at an agitator-free location in said vessel; and a second 

4 transition between said first diameter end said third diameter, said second 

5 transition having an angle of convergence less than the critical angle of 

6 convergence of the liquid shiny oellulosic fibrous material so that the 

7 stLrrty flows through the transition without bridging or hang-up, and without 

8 need for an agitator. 


1 6. A vessel as recited in claim 5 further comprising a step 

2 increase in diameter to substantially said first internal diameter 
a immediately below said second screen assembly. 

1 7, A vessel as recited in claim 2 further comp rising means for 

2 heating liquid withdrawn from said first screen assembly, and 

3 jeintroducmg heated Eiquld adjacent said first screen assembly. 

1 6, A vessel as recited in claim 2 wherein said first transition 

2 comprises a substantially right conical transition, and wherein said first 

3 transition angle of convergence is about 10-25'. 

1 9, A vessel as recited in claim 5 wherein said first end second 

2 transitions are both substantially right conical transitions, and wherein 

3 said first and second transition angles of eonveigenoe are both less than 

4 40°, 
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1 1 0. A vessel as recited In claim 1 wherein said vessel comprises a 

2 continuous digester having a top and a bottom, with an inlet adjacent the 

3 top and outlet adjacent the bottom, and wherein said digester shell first 

4 diameter substantially conrtarrtfrom just betow said inlet to just above 

5 said outlet 

1 1 1 , A vessel as recited in claim 1 wherein said first transition 

2 comprises a single non-symmetric one-dimensional convergence 

3 transition, including a triangular panel with a screen section of said screen 

4 assembly at least substantially immediately below said panel, 

1 12. A vessel as recited in claim 1 wherein said first transition 

2 comprises a multiple symmetric one-dimensional convergence transition. 

3 including a pair of triangular panels with a screen section of said screen 

4 assembly at least substantially immediately below each of said panels. 

1 13. A vessel as recited in claim 1 wherein said screen assembly 

2 comprises a discontinuous screen. 

1 14. A vessel as recited In claim 1 wherein said first transition 

2 comprises multiple one-dimensional convergence transition elements. 

1 15. A vessel as recited in ctatm 1 wherein said first transition 

2 comprises a plurality of eyebrow baffles. 
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1 16. A vessel as recited in claim 15 further comprising a screen 

2 section of said first screen assembly substantially immediately below 

3 each of said eyebrow baffles. 


1 17. A vessel as recited in claim 1 wherein said increase in 

2 diameter is spaced from said first screen assembly a at least one of a 

3 dwelling conical transition and a cylindrical rdief plate. 

1 1 a, A vessel as recited in claim 1 wherein said first transition ateo 

2 includes at least one screen section - 

1 19. A method of treating a liquid slurry of oomminuted cellulosic 

2 fibrous material under coo«r>g conditions in a substantially vertical 

3 continuous digester having a top and a bottom and a first substantially 

4 constant interna* diameter, to produce chemical pulp, comprising the 

5 steps of substantially conti nuously; 

6 (a) introducing the slurry of comminuted cellulosic fibrous material 

7 into the digester adjacent the tap thereof, to flow downwardly in the 

8 d Igester in a flow path ; 

9 (b) at at least one point along the digester which is devoid of an 
10 agitator, as the slurry moves downwardly in the flow path, causing the 

1 1 slurry of comminuted celtulosic fibrous material to transition from the first 

1 2 diameter of the flow path to a second flow path diameter smaller than the 

1 3 first diameter by at least about 2%; 

14 (c) screening the sluity at the second diameter of the flow path to 

15 remove liquid theretfonv, and 
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1 6 (d) removing the chemical pulp from adjacent the bottom of the 

17 digester. 

1 20, A method as recited in claim 19 comprising the further step 

2 (e), after step (c) and before step (d)< of causing the downwardly moving 

3 sluiTy to move again to a substantially find diameter portion of the flow 

4 path 

1 21. A method as recited in claim 20 comprising the further step of 

2 repeating steps (b), {c) and (a) at feast onoe prior to step (d). 

1 22. A method as recited in claim 21 comprising the further step of 

2 heating the liquid removed in the practice of step (c), and reintroducing 

3 the heated liquid into the digester adjacent where it was removed. 

1 23. A method of introducing a screen assembly into an existing 


2 digester for comminuted gallulosic fibrous material without requiring the 

3 digester diameter to be increased, the digester having a substantially 

4 constant Internal first diameter portion of a shall thereof at a location 

5 devoid of an agitator, using a screen assembly having a second internal 

6 diameter smaller than the first internal diameter, and a transition element 

7 providing a transition between the first and second diameters, said 
3 method comprising the steps of; 

9 (a) at the substantially constant internal first diameter portion of the 

10 shell of the existing digester that is devoid of an agitator, mounting the 

1 1 screen assembly to define a screen cavity Internal of (he shell, and a 

12 return to the first internal diameter below the screen assembly; 
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1 3 (b) forming at least one aperture in the shell adjacent the screen 

14 cavity and in fluid communication therewith to allow withdrawal of liquid in 

15 the screen cavity that has been separated by the screen assembly; and 

1 6 (o) inserting the transport element witNn the shell, above the 

1 7 sawn assembly, so that tha transition element provides a transition 

1 8 between the first and second diameters thai allows a slurry of 

19 comminuted oailubsic fibrous material to flow smoothly form above the 

20 transition element to below the screen assembly without bridging or hang* 

21 up and without need for an agitator. 

1 24. A method as recited in claim 23 wherein step (a) Is further 

2 practiced by providing at least one of a diverging conical transition and a 

3 cylindrical relief plate beJow the screen assembly providing return to the 

4 first interna J diameter. 
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In a vertical digester far producing chemical pulp, or other vessel 
for treating a stony of comminuted fibrous ceJIutesic material, the cost of 
manufacturing the shell is significantly reduced by eliminating the external 

5 step increases in the digester shelf. The digester shell has a substantially 
ooratant Internal diameter from just betow the inlet to just ebove the 
outlet, screen assemblies being provided by an internal transition (e.g, 
conical) having an angle cf convergence of tess then 40* {e-g. about 1 0* 
25") above each screen assembly so that the slurry flows through the 

1 0 transition vrilhout bridging or hang-up, and a step increase, or other 

increase, tn diameter back to the first diameter after the screen assembly. 
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Fig. 4 


http://patentsl.ic.gcxa/fcgi-bin/any2html?FILENAME=%2Fcpoti%2Fprod%2Fapache%2Fht^. 9/19/02 


02243733drw.afp Page 4 


Page 2 of 3 


PA H14J7JJ <99»-07-2l 



http://patentsl.ic.gc.ca/fcgi^ 


02243733drw.afp Page 5 


Page 2 of 3 


r* J114J7J3 IJJH-07-ll 



http://patents 1 .ic.gc.ca/fcgi-bin/any2html?FILENAME=%2Fcpoti%2Fprod%2Fapache%2Fht 1 . 


02243733drw.afpPage6 


Page 2 of 3 


CK D224J7JJ i9!HI-D7-ll 


Fig. 12 



l. +-14 



http://patentsl.ic.gc.ca/fcgi-bi^^ 



http://patentsl.ic.gc.ca/fcgi-bin/any2html?FILENAME=%2Fcpoti 0 /o2Fprod%2Fapache%2Fht 1 


02243733drw.afpPage8 


Page 2 of 3 


f?A D214J7JJ IJ9B-07-1I 



http://patentsl.ic.gc.ca/fcgi-bin/any2html?FILENAME=%2Fcpoti%2Fprod%2Fapache%2Fht... 


02243733drw.afp Page 9 


Page 2 of 3 


»214>7>J I9JH-J7-1I 



http://patentsl.ic.gc.ca/fcgi-bin/any2html?FILENAME== 0 /o2Fcpoti%2Fprod%2Fapache%2Fht 


02243733drw.afp Page 10 


r* &114J7J3 IJJB-07-ll 


Page 2 of 3 



http://patentsl.ic.gc.ca/fcgi-^^ 



http://patentsl.ic.gc.ca/fcgi-b^ 


02243733drw.afp Page 12 


PA 01143733 I99R-07-1I 



